Abstract: Plant 14-3-3 proteins (14-3-3s) are known to function in protein-protein interactions that mediate signal transduction pathways regulating many biological processes. The cDNA encoding putative 14-3-3 protein was isolated from pear (Pyrus pyrifolia) and designated Pp14-3-3b. Using the PCR amplification technique, the genomic clone corresponding to Pp14-3-3b was isolated and shown to contain six introns. Phylogenetic analysis clearly demonstrated that Pp14-3-3b was classified into the non-ε class of 14-3-3 superfamilies. Quantitative RT-PCR analysis indicated that the expression of the Pp14-3-3b gene was developmentally regulated in fruit. This study suggested that Pp14-3-3b might be involved in fruit ripening and the senescence of pear.
Introduction
The 14-3-3 proteins (14-3-3s) were originally identified in mammalian brain tissue and named on the basis of their migration pattern on starch gel electrophoresis (Moore and Perez 1967) . The 14-3-3s encoded by multi-gene families are highly conserved and small acidic proteins in all eukaryotic organisms (Aitken 2006; Gardino et al. 2006; Shi et al. 2007; Zhang et al. 2010; Li and Dhaubhadel 2011) . 14-3-3s function as homodimers or heterodimers and bind phosphorylated substrates to regulate cellular signaling and physiological processes (Oecking and Jaspert 2009 ). The 14-3-3 gene family has been found in eukaryotic organisms (Chevalier et al. 2009 ). Plant 14-3-3s can be divided into the ε-like group and non-ε group (Wu et al. 1997; Sehnke et al. 2002a, b) . Multiple 14-3-3 genes exist in each plant. For example, fifteen 14-3-3 genes were identified in Arabidopsis (Rosenquist et al. 2001) . In this research, the isolation and characterization of the pear Pp14-3-3b gene and its expression pattern during fruit development are reported. This study aims to clarify the expression of pear 14-3-3b gene during fruit development, which may provide information for the function of 14-3-3 genes during fruit ripening and senescence in pear.
Materials and Methods

Collection of plant materials
Pear (Pyrus pyrifolia Nakai cv. Whangkeumbae) fruit was harvested at 30, 60, 90, 120, 130, 140, 145 , and 150 d after full bloom from the experimental farm for horticulture plants at the Agricultural University of Hebei, China. The fruit, harvested at 150 d after full bloom (its natural harvest date), were placed for 5, 10, 15, 20, 25, and 30 d at room temperature for the collection of 5, 10, 15, 20, 25, and 30 d after harvest fruit, respectively. Shoot and leaf age (day-old) is calculated from the starting time when a leaf bud just emerged in pear trees can be observed by the naked eye. The shoots collected at 5 d-old, leaves collected at 5 d-old, petals collected at 2 d before full bloom, and anthers collected at 2 d before full bloom were derived from the same pear trees of the local orchard. These samples were frozen immediately in liquid nitrogen, and then stored at −80°C for RNA isolation.
Isolation of To identify the genes that are functionally expressed in pear fruit, more than 3000 cDNA clones were randomly selected from the pear fruit cDNA library constructed by Shi and Zhang (2012) . One pear 14-3-3 clone termed Pp14-3-3b with complete sequences was identified. The corresponding Pp14-3-3b gene was amplified from the genomic DNA of pear by PCR, using Pfu DNA polymerase and gene-specific primers that were designed according to the sequence of Pp14-3-3b cDNA.
RNA isolation and quantitative RT-PCR analysis
Total RNA was isolated from shoots, leaves, petals, anthers, and developing mesocarp of pear by a method described previously (Shi et al. 2009) . A 2-4 g aliquot of each pear tissue was randomly collected from 3 to 10 plants for RNA isolation. The concentration and purity of total RNA were identified by NanoDrop spectrophotometry and agarose gel electrophoresis. RNA samples were stored at −80°C until use.
Expression profiling of the Pp14-3-3b gene in different pear tissues (such as shoots, leaves, petals, and anthers) and during different stages of fruit development was carried out by quantitative RT-PCR using the fluorescent intercalating dye SYBR-Green in the detection system (Mastercycler ep realplex 4, Eppendorf AG, Hamburg, Germany). A pear polyubiquitin gene (PpUBI, GenBank accession number: AF195224) was used as a standard control in the RT-PCRs. A two-step RT-PCR procedure was performed in all experiments using a previously described method (Shi et al. 2009 ). In brief, total RNA was reverse transcribed into cDNA and used as a template in PCRs with gene-specific primers (Pp14-3-3b P1: 5′-TTGAACTCTCCGGAAAGGGCATGT-3′; P2: 5′-GCCAGCCCTAGGCCGCTTCCAT-3′). Quantitative RT-PCR was performed using SYBR-Green Real-time PCR Master Mix according to the manufacturer's instructions (Toyobo Co. Ltd., Osaka, Japan). The Ct (cycle threshold), defined as the PCR cycle at which a statistically significant increase of reporter fluorescence was first detected, was used as a measure of the starting copy number of the target gene. The relative quantity of the target Pp14-3-3b expression level was determined using the comparative Ct method. The relative value for the expression level of the Pp14-3-3b gene was calculated by the equation
ΔCt/3.5 × 100% (ΔCt is the differences in Ct between the control PpUBI products and the target Pp14-3-3b products, i.e., ΔCt = CtPpUBI−CtPp14-3-3b, and 3.5 is a parameter for the cycle number which represents a 10-fold expression difference between the target gene and control gene). To achieve optimal amplification, PCR conditions for every primer combination were optimized for annealing temperature. PCR products were confirmed on an agarose gel. Error bars represent standard deviation (SD). Mean values and SD were calculated in three independent experiments with three biological replicates of tissue materials. The efficiency of a primer pair was detected by using Pp14-3-3b cDNA as a standard template, and the RT-PCR data were normalized with the relative efficiency of each primer pair.
DNA sequencing and protein analysis
The sequences of the isolated pear 14-3-3b gene (cDNA) and its deduced protein were analyzed using DNAstar software (DNAstar Inc., Madison, WI, USA). The conserved domain was determined by NCBI Conserved Domain Search (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence homology analysis was performed with ClustalW (http://www.ebi.ac.uk/clustalw/) and protein motif analysis was performed using motif scan (http:// myhits.isb-sib.ch/cgi-bin/motif_scan). Twenty-five 14-3-3 protein sequences from different plants were aligned with the ClustalX program, and then the evolutionary relationships of the proteins were determined by MEGA3.1 software, which was based on minimum evolution-rule consensus from 500 bootstrap replicates.
Results
Isolation and characterization of Pp14-3-3b
By randomly sequencing the pear fruit cDNA library, one cDNA encoding the 14-3-3 protein was identified. The isolated cDNA was designated as Pp14-3-3b (accession number in GenBank: KF730654). Pp14-3-3b cDNA encodes a protein with 261 amino acids and shares relatively high homology (96.93% identity) with apple Md14-3-3b (Malus × domestica, XM_008373248) at the amino acid level. The Pp14-3-3b protein contains nine conserved antiparallel α-helices (α1-α9), just as some other 14-3-3 proteins (Fig. 1) . In contrast, both the N-and the C-terminal region of 14-3-3 proteins display relatively high variability (Fig. 1) .
Subsequently, the genomic DNA sequence of the Pp14-3-3b gene was obtained from pear. Compared with its cDNA sequence, we found that the Pp14-3-3b gene contains six introns in its open reading frame. The first intron is located within Glu25 and is 215 bp in length. The second intron position is between Met127 and Lys128 and is 85 bp in length. The third intron is located within Ala157 and is 549 bp in length. The fourth intron inserts between Cys195 and His196 and is 113 bp in length. The fifth intron position is between Gly243 and Asp244 and is 444 bp in length, while the sixth intron is located within Glu261 and is 119 bp in length in the Pp14-3-3b gene (Fig. 2) .
Phylogenetic relationships of Pp14-3-3b with the other plant 14-3-3s
Analysis of the phylogenetic relationships between Pp14-3-3b and other 14-3-3s is shown in Fig. 3 . Pp14-3-3b, Md14-3-3b, Pm14-3-3, Pp14-3-3, Rc14-3-3, Pd14-3-3, Cs14-3-3L, Lj14-3-3, Sltft8 (Roberts and Bowles 1999), Sltft9 (Roberts and Bowles 1999), AtGF14omega, AtGF14nu, Vv14-3-3L, Sltft4 (Laughner et al. 1995) , Cs14-3-3, Cc14-3-3, SlTFT7 (Pnueli et al. 2001) , AtGF14psi, and Fv14-3-3 occupy one clade of the tree and are classified into the non-ε class of 14-3-3 superfamilies. Additionally, Pp14-3-3b has the highest homology with apple Md14-3-3b. However, the PpHuobali14-3-3 protein, together with apple Md14-3-3, Vv14-3-3, Dl14-3-3, Lc14-3-3, and AtGF14iota form another subgroup of the plant 14-3-3 tree and belong to the ε-like group of 14-3-3 superfamilies (Wu et al. 1997; Sehnke et al. 2002a Sehnke et al. , 2002b , which suggests that Pp14-3-3b might have diverged earlier from these 14-3-3s during evolution.
Expression profiling of the Pp14-3-3b gene in pear
To evaluate the roles of the isolated Pp14-3-3b in plant, we first analyzed their expression pattern. Quantitative RT-PCR analysis showed widespread expression of the Pp14-3-3b gene in pear tissues. As shown in Fig. 4 , transcripts of Pp14-3-3b were accumulated at shoots, leaves, petals, anthers, and mesocarp of fruit. Moreover, the expression activity of Pp14-3-3b is relatively high in the mesocarp of pear fruit.
Expression profiling of Pp14-3-3b gene during fruit development in pear
To investigate further the expression profiling of the Pp14-3-3b gene during fruit development, mRNA accumulation of the Pp14-3-3b gene during fruit development was determined by quantitative RT-PCR (Fig. 5) . The Pp14-3-3b gene was highly expressed during fruit development. Interestingly, the expression activity of Pp14-3-3b is the highest in 5 d harvested fruit with a relative value of 145.70. With the fruit softening and senescence, the expression of the Pp14-3-3b gene decreased to a relative low level in 20-30 d harvested fruit. The results suggested that the expression of the 14-3-3b gene was developmentally regulated in fruit of pear. Fig. 1 . Sequences of pear and apple 14-3-3s were aligned. The amino acid residues identical among the sequences are indicated in black, while similar residues are shown in grey, and the regions of the nine conserved antiparallel α-helices (α1-α9) are lined. The accession numbers of plant 14-3-3 proteins in GenBank are: Pyrus pyrifolia Pp14-3-3b (KF730654), PpHuobali14-3-3 (AEG67284), and Malus domestica Md14-3-3 (AEN84869). 
Discussion
The 14-3-3s are small (27-32 kDa) acidic regulatory proteins that are highly conserved in all eukaryotes (Chaudhri et al. 2003) . In this study, the molecular weight of Pp14-3-3b is reported as 29.56 kDa and pI is 4.64. In addition, the data presented in Fig. 1 revealed that pear 14-3-3b protein contains the expected conserved structure: the nine antiparallel α-helical domains. In particular, the seventh α-helical domain is highly conserved. Additionally, Pp14-3-3b shows great divergence in its Nand C-terminal regions, like all the other 14-3-3s. Both the N-terminus and the C-terminus of 14-3-3s are the crucial structures for the protein function. The N-terminus is related to the combination of the 14-3-3 protein with various membranes, while the C-terminus is directly involved in protein-protein interaction (Chung et al. 1999) .
Phylogenetic relationship analysis revealed that Pp14-3-3b was classified into the non-ε class of 14-3-3s (Wu et al. 1997; Sehnke et al. 2002a Sehnke et al. , 2002b . The genomic DNA of the Pp14-3-3b gene (data not shown) was isolated from pear. Compared with the released genome sequences of pear (Wu et al. 2013 ) and apple (Velasco et al. 2010) , we found that the Pp14-3-3b gene shares relatively high homology (89.74% identity) with the apple 14-3-3 gene (Sequence ID refNC-024243). The Pp14-3-3b gene also shares high homology with the pear 14-3-3 gene (88.4% identity, Pyrus × bretschneideri Sequence ID gbJH994136). The intron positions in the 14-3-3 gene family are also conserved. Pp14-3-3b gene encoding non-ε 14-3-3 protein contains six introns, just like the members in pear (Wu et al. 2013) , apple (Velasco et al. 2010) , and also Arabidopsis (Wu et al. 1997; Rosenquist et al. 2001) . Plant 14-3-3 genes were differentially and specifically expressed in various tissues. For example, the four banana 14-3-3 genes function differentially during fruit postharvest ripening by real-time RT-PCR analysis (Li et al. 2012) . Here, the Pp14-3-3b gene was functionally expressed during fruit development. Moreover, its transcripts were accumulated to the highest level in 5 d harvested fruit among all the development stages. Previous research found that 1-aminocyclopropane-1-carboxylic acid levels increased markedly from 5 d after harvest and peaked at 10 d after harvest when fruit reached the climacteric stage, and then dropped rapidly. The results implied that ethylene production reached the highest level at 10 d after harvest . Changes of the Pp14-3-3b gene expression are identical to those of ethylene production during pear fruit development. This result suggested that the Pp14-3-3b gene might be involved in fruit ripening and senescence. Fig. 3 . Phylogenetic relationships of the Pp14-3-3b protein to other 14-3-3s. The minimum evolution tree was constructed in MEGA3.1 from 500 bootstrap replicates. The accession numbers of plant 14-3-3s in GenBank are: Pp14-3-3b (Pyrus pyrifolia, KF730654), Md14-3-3b (Malus × domestica, XM_008373248), Pm14-3-3 (Prunus mume, XM_008227060), Pp14-3-3 (Prunus persica, XM_007211812), Rc14-3-3 (Ricinus communis, XM_002523330), Pd14-3-3 (Phoenix dactylifera, XM_008779198), Cs14-3-3L (Citrus sinensis, XM_006467590), Lj14-3-3 (Lotus japonicus, BT140103), Sltft8 (Solanum lycopersicum, NP_001234267), Sltft9 (NP_001234272), AtGF14omega (Arabidopsis thaliana, AAA96253), AtGF14nu (AAD51782), Vv14-3-3L (Vitis vinifera, XP_002285427), Sltft4 (NP_001234007), Cs14-3-3 (Citrus sinensis, XM_006467590), Cc14-3-3 (Citrus clementina, XM_006446719), SlTFT7 (NP_001234637), AtGF14psi (AAA96252), Fv14-3-3 (Fragaria vesca subsp. Vesca, XM_004293891), PpHuobali14-3-3 (AEG67284), Md14-3-3 (AEN84869), Vv14-3-3 (XP_002283492), Dl14-3-3 (Dimocarpus longan, ACK76233), Lc14-3-3 (Litchi chinensis, ADP00759), and AtGF14iota (AAK11271). 
